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CONFIDENTIAL

TRA:TSMISSION LOSS OF LOW FREQUENCY UNDERWATER SOUND
IN THE CAYMAN TROUGH

(CHURCH GABBRO TECHNICAL NOTE)

By

Scott C. Daubin

0. Executive Summary

(C) Acoustic propagation loss experiments were conducted in the Cayman Trough of
the Caribbean during November and December 1972, as part of the CHURCH GABBRO ex-
ercise, sponsored by the Long Range Acoustic Propagation Project of the Office of
Naval Research. Two forms of acoustic sources were employed: underwater explo-
sive sources, SUS Mk 61-0 and Mk 82-0; and towed CW projectors, a piezoelectric
source designated HX 231 F and a hydromechanical source designated VIBROSEIS. A
total of 1106 SPS charges were dropped from two shipboard runs and 478 SUS charges
were dropped from aircraft in one run having four segments. CW acoustic sources
were unreliable and intermittent; this report covers only results of the explosive
sources. Shipboard runs from the northeast to the southwest ends of the Cayman
Trough were received at two locations by Acoustic Data Capsule (ACODAC) systems.
One was located near the middle of the trough, about 140 nautical miles WNW from
Montego Bay, Jamaica; another was located in the far southwest end of the trough.
Each ACODAC sampled the SOFAR Channel from near the axis to the critical depth
with six hydrophones. Aircraft runs were received by a Tethered Acoustic Buoy
System (TABS) and two SONOBUOYs located at a position approxinitely midway be-
tween the ACODACs. Three organizations were involved in the reduction of data:
the Woods Hole Oceanographic Institution, the University cf Texas/Applied Research
Laboratory, and the Naval Underwater Systems Center/New London Laboratory. The
data reduction methods employed by each organization are described. Transmission
loss results are dominated by the effects of topography. In the short ranges from
the southwest measurement point (out to 160 nautical miles) a complete SOFAR chan-
nel exists, but the convergence zone structure which would be expected in the open
ocean is smoothed by the large amount of reflected energy from the lateral topog-
raphy. At long ranges (beyond 450 nautical miles) the intermediate ridge struc-
ture baffles the acoustic energy, but as range increases out to 600 nautical miles
this effect is offset by others, such as bathymetric focussing, which result in an
anomalous curve, i.e., the reduction of transmission loss with increasing range.
One of the objectives of the exercise was to search for depth dependence in trans-
mission loss. A very sharp depth dependence was found, sometimes as high as 10 db
between adjacent hydrophones, but this effect was intermittent and a strong func-
tion of range, occurring in a regular pattern relative to the positions of the

convergence zones. In general the largest signals were received in the vicinity
of the critical depth.

I
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1. Introduztion

1.1 Experiment

(C) In November and December 1972 the Long Range Acoustic
Propagation Project (LRAPP) sponsored an exercise: at sea in the general

A area of the Cayman Trough of the Caribbean. Among the objectives of the
exercise were the measurement of environmental acoustic variables during
this seasonal period. For a detailed description of the plzn and an out-
line of the preliminary results, see References 1 and 2 respectively. Key
locations of the exercise are shown in Figure 1. Acoustic Data Capsule
(ACODAC) unit, were located at Positions B and D; one was also located at
Position H but produced no data. A Moored Acoustic Buoy System (MABS) was
lor:ated at Position A; aircraft sonobuoys were located in the vicinity of
Position D and at Posicions S-I through S-8 in sequence. All of the systems
enumerated above measured ambient noise which has been reported in
Reference 3. Explosive signals for the purpose of transmission loss
measurements were also measured by the ACODACs and by a Tethered Acoustic
Buoy System (TABS) and two sonobuoys located at Position C.

(U) Two ship SUS runs were conducted by R/V NORTH SEAL; the first on
4-5 December 1972 was along a great circle from Point E to Point B, and
the second on 8-9 December 1972 started from a position 60 miles ENE of
Position C and proceeded to Position D. See Figure 2. On both runs
NORTH SEAL dropped Mk 82 Signals Underwater Sound (SUS) set to explode at
"a depth of 91.4 meters. On 7 December 1972 an aircraft from VXN8 conducted
"a SUS run traversing the following track: E-D, D-G, G-B, B-H, H-i and D-E;
see Figure 3.

(U) The aircraft dropped Mk 61 SUS set to detonate at 18.3 meters
during the southwesterly legs E-D, D-G, G-B, B-H, and at 91.4 meters during
the northeasterly legs, H-D and D-E.

(C) This report covers the transmission loss calculations derived from
the SUS runs; data are plotted only in the 50 11z 1/3 octave band for ACODAC
measurements but in the 25 Hz, 50 Hz, 100 Hz, 160 Hz, 200 Hz, 400 Hz and
800 4z 1/3 octave bands for the TABS and SONOBUOY measurements.

1.2 Experimental Systems

1.2.1 General

(U) Reference 3 describes in some detail the systems employed
in this exercise and discusses the performance of each. This section re-
capitulates the main system structure of thc experiment. In general these
systems may be divided into three categories: sources, receivers and
vehicles. Characteristics of sources and receivers of acoustic energy are
outlined in Section 1.2.2 below. Vehicles included surface vessels which
deployed receiving systems, towed or launched sources and aircraft which
dropped SUS charges or sonobuoys or conducted ship surveillance. All ships
and aircraft squadrons also measured environmental data. These vehicles
included USNS SANDS (T-AGOR-6) operated by MSTS for NUSC, which deployed

SCONFIDENTIAL 2
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MABS, TABS and sonobuoys and towed the HX 231 CW source; R/V NORTH SEAL,
"operated by Texas Instruments, Inc, under MSTS contract for the LRAPP

• office, which deployed ACODACs and SUS charges; MS DEARBORN, operated by

Delta Exploration Co., which towed a CW source; VXN-8; experimental aircraft
squadron operating for the Naval Oceanographic Office, which conducted
ship surveillance, monitored sonobuoys for ambient noise and dropped SUS

V. charges and VP 16, operational patrol squadron which conducted ship
surveillance.

1.2.2 Sources and Receivers

(U) Two types of sources were employed: CW and SUS (Signal
Underwater Sound). Two CW sources were used: VIBROSEIS towed by MS DEARBORN
and HX 231 F towed by USNS SANDS. VIBROSEIS is a hydromechanical CW source
of tunable frequency and controllable level; two projectors were towed, one at
18.3 meters and one at 91.4 meters. The operating schedule for this
exercise is given by the table below:

18.3 meters 91.4 meters Time On

12 Hz 15 4.5 minutes
15 12 4.5 minutes
20 25 4.5 minutes
25 20 4.5 minutes
32 40 4.5 minutes
40 32 4.5 minutes
50 63 4.5 minutes
63 50 4.5 minutes
80 100 4.5 minutes
100 80 4.5 minutes

Table I

J (U) VIBROSEIS FREQUENCY/DEPTH SCHEDULE

fifI (U) HX 231 is a piezoelectric CW source whose dual frequencies
I |were set at 85 Hz and 128 Hz. HX 231 F was to be towed at 300 meters. Un-
~ fortunately neither VIBROSEIS nor HX 231 F worked well during the experiment.

For a description of the operational experience with these systems see
References 2 and 3. In view of the sparse data density the CW data have not
been analyzed for transmission loss.

* i(U) Two types of Signal Underwater Sound (SUS) were employed:
Mk 61-0 and Mk 82-0. Their characteristics are outlined below:

U

I UNCLASSIFIE 6D
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Mk 61-0 Mk 82-0

j Weight (ibs) ............. 6.8 ..... 6.8

Firing Depth (M) ......... 18.3 ..... 18.3
243.9 ..... 91.4

I Sinking Rate
(Term.Vel.) (M/S) ........ 5.1 ..... 5.1

• I Arming/Firing

SMechanism (Mark) ......... 33-0 ..... 39-0

Explosive Section
I (Mark) ................... 4- ..... 4-0

Explosive Weight
(ibs) and Type ........... 1.8 ..... 1.8

]TNT TNT

Booster Weight
(Oz) and Type ............ ..... .

TETRYL TETRYL

Lead-In Cup Weight
(grams) and Type ......... 0.218 ..... 0.218

TETRYL TETRYL

Detonator (Mk) 43-1 ..... 43-1

Arming Depth Min.
(M) ....................... 5.5 5.5

Launching................. Air/Surf ..... Air/Surf

Purpose .................. Service ..... Oceanographic R&D

Table II

(U) SUS DETAILS

During the exercise NORTH SEAL dropped a total of 1106 Mk 82-0 SUS charges,
aircraft of VXN-8 dropped a total of 302 Mk 61-0 SUS charges and 176 Mk 82-0
SUS charges.

(U) Receivers employed in measurement of SUS signals from which trans-
S* mission loss data were derived included two ACODACs, one TABS and two sono-

buoys. ACODACs measured simultaneously from six hydrophones located at
"various depths throughout the water column; TABS sampled two depths and sono-
buoys were configured for deep or shallow measurement. The locations and
sampling depths are indicated below:

UNCLASSIFIED 7
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System ACODAC ACODAC TABS SONOBUOY

Position B D C C

4 Latitude 180 49.0' N 170 34.3' N 180 18.0' N 180 18.0' N

Longitude 790 52.7' W 860 00.5' W 830 22.0' W 830 22.0' W

Mooring Type Compliant Armored NA NA

Hydrophone Depths 966 508 244 18.3

(Meters) 1576 1119 396 91.4
2757 2341
4410 4043
4715 4358
4806 4450

Mixed Layer 60 60 60 60

Axis 1050 960 1000 1000

Critical Depth 4510 4510 4460 4460

Bottom 4833 4509 5220 5220

Table III

(C) ACOUSTIC SAMPLING POINT AND SOUND CHANNEL DATA

k1 j
T

Sa'
iI 

TI
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2. Data Processing

2.1.1 Woods Hole Hand Analog Method

I (U) This method employs an analog integrator and a chart recorder.
A human operator is an essential part of the loop. The system is shown in block
diagram form in Figure 4. The operator listens to the tape for the arrival of a
shot and notes the footage of the beginning of the signal. He then backs up the
tape and runs it again, this time starting the integration at a time sufficiently
ahead of the onset of the shot to permit a determination of the a priori ambient
noise power. He also terminates the integration after the signal has disappeared
into the noise long enough to obtain a post signal measurement of ambient noise.
The power of the received signal plus noise or noise alone is determined by the
slope of the integral curve as plotted on the graphic record. The typical shot
is in the form of an "S" curve; the lower left and upper right tails of whichI .~ represent the pre-shot and post-shot noise respectively. The vertical distance
between parallel lines drawn through these two tails represents the total shot
signal energy received. This process is indicated in the sketch below which
represents the output of the integrator:

S• Signal + Noise

Signal

p2d

- •LNoise

The mathematics of the process is outlined below. If ps+n represents the sound
pressure level of the shot signal plus noise and Pn represents the sound pressure

- Tlevel of noise alone, the energy received in the shot signal Es is given by:

1 2 2
E ~ I _ 2

Es =- [psn p n]dt

where pc is the acoustic impedance of the medium at the hydrophone.

If V represents the voltage at the output of the complete signal processing system
at the input to the squaring circuit, it is related to the sound pressure level ati <:•the hydrophone by:

SV = SGCp

I UNCLASSIFIED 9
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where S is the hydrophone sensitivity, G is the total ACODAC system gain
and C is the transfer calibration which relates a recording level to a play-
back level. Then

1 2 2
E p - V2) dt

E pc S2G2C2  s+n n

2
If V represents the input to an RC integrator as shown in the figure where
RC>>l/w the output of the integrator is approximated by:

So RR

LI eo C ~ fV dt

"We now have a measure, expressed in db re ergs/cm2 of the shot signal energy
received:

10 log E = 10 log RC - 10 log pc - 20 log S - 20 log G - 20 log C +

10 log (eos+n - eO)

2.1.2 Woods Hole Semi-Automatic Digital Method

(U) The Woods Hole digital method is shown in Figures 5 and 6 and is de-
scribed in Reference 8. It is called "semi-automatic" here because although
many inputs and all computations are automatic, an operator is required as
part of the processing loop. In the first pass, shown in Figure 5, the analog
tape is played back in a 20:1 time compression ratio through isolation circuitry,
amplifiers and 1/3 octave filters to an A/D converter and then into the buffer
of a digital compiter. An operator, listening for shots through a loudspeaker
(not shown), starts the computation process when a shot is detected. The
computer, which has a loaded buffer of a priori noise, commences squaring and
integrating first the noise, then the signal plus noise and finally again the
noise alone when the signal energy disappears. The output integral is recorded
as a function of time on digital tape. In the next pass, shown in Figure 6,
this digital tape is run through the shot energy computation process and the
output, again recorded on digital tape, represents shot energy, noise, and
shot time. In this pass the integral "S" curve is displayed on an oscilloscope.
The operator positions cursors which define that portion of the a priori
noise to be used as a noise estimator during the shot, the shot arrival time
and the shot computation time. During this process the computer generates
and displays a second, integral from which the noise estimate has been removed.

2.1.3 University of Texas Automatic Digital Method

(U) Automatic computer processing of SUS runs was conducted by the Applied
Research Laboratory of the University of Texas at Austin (UT/ARL). The system
was programmed to recognize the occurrence of a shot and to process it dig-
itally, deriving the energy in six 1/3 octave bands with center frequencies

UNCLASSIFIED
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at 12.5, 25, 50, 100, 158.5 and 200 Hz. The process takes place in three
Phasesl. Refer to Figures 7, 8, and 9. In Phase I three ACODAC data channels

S ~along the time code, gain states and overload information are sampled
and the quantized data are output onto digital tape. Usually 24 hours of

ACODAC time are placed onto 10 digital tapes in one operation.

(U) Phase II begins when the data are on digital tape. A few selected
shots are detected and plotted for risual inspection. The visual inspec-
tion verifies the shot pattern and determines the integration, -imes necessary
to cover a shot. Concurrent with the visual inspection the parameters for
the shot detector are chosen. The shot detector is a computer sub-program
which searches the data for the start time of a shot and outputs the time
to within 0.01 second.

(U) After this initial inspection the main shot processor program is
started. The program searches the digital tapes, locates the shots,
computes the shot energy in 1/3 octave bands (via an FFT) and outputs the

"Se energy (in units of computer numbers) along with time of detection onto
another digital tape.

(U) In addition a noise estimate for each shot is made 15 seconds
before the detection time. The overloaded data are ignored. Concurrent with
the shot processing program the 6-hour calibrations are processed which were
the only system frequency response available for CHURCH GABBRO. Frequency
corrections were made to the data by a straight line interpolation between

the 50 and 200 Hz levels. Phase III begins after the shot ard cali1'ration
processing is complete.

(U) The last step is Phase III; it is mainly an editing program. Given
the calibration level, pc, hydrophone sensitivity and system frequency res-
ponse (including that of the hydrophone), range and shot detonation times,
the final program edits out false alarms and scales the final results to
acoustic energy in db re ergs/cm2 /Hz for shots and db re uPa 2 /Hz for noise
power. The results are placed onto digital tape, plotted and tabulated.

2.2 TABS and SONOBUOY 2

(U) All received acoustic signals and calibration signals were recorded
on magnetic tape. The wide band recorded signals from each hydrophone
(both high and low gain) were fed into an Ithaco amplifier and then through
a B & K 1/3 octave filter bank with continuous bands from 25 to 1000Hz.
Each filter output was then fed into an envelope detector/averager, the
output of which was serially sampled, multiplexed, and finally converted
from analog values to 12 bit digital words. To assure proper alignment of
the acquisition window and the received data, a graphic recorder was used to

S'The information on the UT/ARL processing method was provided by Mr. Jack A. Shooter
in a letter to S. C. Daubin, University of Miami, Ser F-689 dated 21 January

_ 1974. The description of the system is copied almost verbatim from this letter.
2 This information was supplied by Mr. Robert F. LaPlante at NUSC/NLL.
This section is repeated almost verbatim from Mr. LaPlante's report.

UNCLASSIFIED 14
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monitor both the analog signal and the computer generated window. In
addition, a peaK detector was utilized to determine signals that were
overloaded on magnetic tape. A diagram of the above system appears in
Figure 10.

"(U) Prior to each group of SUS arrivals, a ten second sample of noise
was sampled, digitized, and normalized to one second. The SUS signals
were sampled from 8 seconds to 45 seconds depending on the duration of
the signal arrivals. This sampling duration was predetermined by observing

S~graphic traces.

(U) The digital samples were inputs to the UNIVAC 1230 computer,

where a computer program squared and integrated both the noise samples and
the SUS generated signals., See Figure 11. The program also computed energy
propagation loss, spectrum noise levels, signal-to-noise ratios, peak propa-
gation loss and received band level. These values, along with integration
tirue, SUS arrival time and consecutive SUS number were puinted as output.
The source levels used for determination of propagation loss are listed in
Section 3.2 below.

(U) Finally the above values were edited for overload, inadequate
signal-to-noise, and signal contamination. Range to each shot was
determined by computing great circle distance from the hydrophone positions
to the geographic positions supplied for each SUS. The propagation loss
versus range plots for each hydrophone for each of 1/3 octave band center
frequencies were then generated.
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3. Data

3.1 General

(U) The data set of this exercise is identified and partitioned in
accordance with the following matrix:

SSources
0

4J Ship Aircraft Vehicle

S0 NSl NS2 Al A2 A3 A4 Run No.

u > E-B C-D A-C C-D D-C C-E Endpoints

* ACODAC B AI B,J

S ACODAC D C,K D,L

TABS C E FG1

SONOBUOY C E F H

(Note: Letters in boxes indicate data location appendix)

"Table IV

"(U) DATA PARTITION MATRIX

There are no data for the blocks crossed out. ACODAC data were reduced by
•o. two orgainizations, Woods Hole and the Applied Research Laboratory of the

University of Texas (UT/ARL). The Woods Hole data were reduced by two methods
as described in Sections 2.1.1 and 2.1.2 above and UT/ARL data reduction method
is described in Section 2.1.3 above. TABS and SONOBUOY data were reduced bythe New London Laboratory of the Naval Underwater Systems Center (NiUSC/NLL);

see Section 2.2 above. In all cases transmission loss was calculated and
plots of transmission loss differences between hydrophones. Finally, from
these pair difference curves relative transmission loss profiles were produced.

I •(C) Of the ACODAC data only the 50 Hz 1/3 octave band has been plotted,
since this was the only band reduced by the 14HOI hand method. Other principal
1/3 octave bands were reduced by the WHOI automatic and the UT/VARL methods.
TABS and SONOBUOY data were plotted for the 25, 50, 100, 160, 200, 400 andJ:L. 800 Hz 1/3 octave bands.
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3.2 Source Levels

(U) In accordance with the instructions contained in Manager, LRAPP
•, memorandum 102-OSC:RDG:bsj of 19 December 1973 source levels used were•

those of Gaspin & Shuler, reference 6. When converted to an effective

source level at 1 yard and expressed as db re erg/cm2 /Hz in 1/3 octave
bands, Gaspin & Shuler's results are:

Depth of Source

1/3 Octave Band 18.3 M 91.4 M i
Center Frequency

(Hz)

25 60.0 60.7
50 54.9 55.7

S • 100 53.7 53.3
160 50.3 51.5
250 48.6 49.1

Table V

(U) SOURCE LEVELS

3.3 Evaluation

"3.3.1 General

"(U) To evaluate the data the following questions were addressed:

A. How do the data compare internally, i.e. against
themselves? For example, how do the products of two data reduction methods,
UT/ARL and WHOI, compare when operating on the identical raw data from the
same hydrophone?

1B. How do the data compare externally, i.e. against
data from other sources? For example, how do TABS data compare against
ACODAC data, even though measuring different runs?

C. How do the data compare with the predictions of theory?

In spite of the divworsity of measurement and data processing
systems the data appear to be mutually consistent. The long reverberation time
and high reverberation energy associated with the trough structure complicated
the measurement and analysis process.
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3.3.2 ACODAC Data

S(U) Figures 12 through 17 compare experimental data against the
predictions of theory. Three theoretical transmission loss curves were used
as references: (1) a curve computed by the Fleet Numerical Weather Central (FNWC)
and reproduced as Figure 2-108 of Reference 7, (2) a curve produced by an
incoherent summation in a normal mode solution by the University of Texas, Applied
Research Laboratory (UT/ARL), Reference 9 and (3) a curve produced by a coherent
summation in a normal mode solution by UT/ARL, Reference 9. The FNWC's curve was
based on an acoustic path along the axis of the Cayman Trough tending generally
ENE from a position about 57 miles west of Posit D, a source and receiver depth
combination of 120/900 meters was used at a 50 Hz 1/3 octave frequency. UT/ARL's
curves were based on the precise acoustic path from Posits E to A to B to C to D
using the bathymetry and sound velocity structure measured during the exercise and
reported in Reference 5. The FNWC curves are compared against WHOI and UT/ARL
measured values in Figures 12 and 13 respectively. The UT/ARL incoherent sum

curves are compared against measured values in Figures 14 and 15, and the coherent
sum curves, in Figures 16 and 17. The incoherent sum curve, although not
"realistic" for open ocean propagation is included because none of the theoretical
curves adequately take into consideration the effects of the boundaries of the

Trough on the propagation. These boundaries will affect the interaction of the
modes. Without further analysis it is impossible to predict the precise effects
of the modification caused by boundary interaction. However, it is reasonable to
anticipate that on the average the boundaries will increase the randomness of the
phases and that the "true" transmission loss would fall somewhere between the

& incoherent and the cokierent sum.

The following observations are made:

*. (U) A. The WHOI/HAND data are generally higher (less transmission loss) by
up to 10 db than either the WHOI/AUTO or the UT/ARL data. Furthermore, as can be
seen in Appendix D (pages DI - D3), the WHOI/HAND transmission loss curve shows a
band about 10 db wide at ranges less than 100 miles. The band narrows at ranges
above 100 miles. These results suggest that the upper envelope of the WHOI/HAND
curve is in error. SUS charges were dropped in pairs one minute apart. The first
charge of the pair was intended as a "setting" charge; that is, it was intended to
drive the ACODAC internal signal processing system into the next lower gain state
(Reference 3) which was 10 db less sensitive. The WHOI/HAND data indicate that
both pairs of SUS were analyzed and that the gain, "G", used in the equation
(Sect. 2.1.1, page 11) was not changed between shots of the pair and hence not
correct for one of them. The fact that the lower envelope corresponds more closely
to WHCI/AUTO and UT/ARL data suggests that the gain state for the first of the pair
was in error. The question arises in view of this uncertainty as to the value of
the retention and reporting of the WHOI/HAND data. Two reasons prompt their
inclusion: first, in the short ranges at Posit D for run NS 2 the data density for
the other methods is very low and second, the WHOI/HAND data were very useful in

d - the inter-hydrophone transmission loss difference studies (Sect. 4.3 and Appendix L,
pages Ll - L8). The reason for the increased density of short range data for the
WHOI/HAND method was the less stringent acceptance criterion employed by that
method as compared to the automatic methods. In the WHOI/HAND method, the operator
would decide which data to reject and which to accept; apparently his judgment was
able to accept data which were momentarily or partially overloaded and hence

&i rejected by the automatic methods.

(U) B. The WHOI/AUTO and UT/ARL data are closer to the coherent theoretical
"T • .curves (FNWC), Figures 12 and 13, and UT/ARL, Figures 16 and 17) than are the

WHOI/HAND data.
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(U) C. The UT/ARL incoherent sum theoretical curve more or less "splits
the difference" between WHOI/HAND and WHOI/AUTO data. The UT/ARL data arp.
more closely grouped about this curve than are the WHOI data.

(U) D. For Run NS 2 the WHOI/AUTO data seem to fit the UT/ARL coherent

sum theoretical curve, Figures 16 and 17 better than do the UT/ARL data which do
not show deep interzonal depressions in the range interval from 80 to 160 miles. 1

(U) E. For Run NS I the UT/ARL data are poorly fitted to the FNWC theoreti-
cal curve, Figure 13 in the range internal from 400 to 650 miles. The fit of
these data to the UT/ARL coherent sun. curve, Figure 17 is good from about 400 to
540 miles. There is some evidence of bathymetric focussing in the range interval
550 to 630 miles.

The overall evaluation of the data processing methods follow:

(U) A. For ranges out to 250 miles the WHOI/AUTO method provides data better
fit to the FNIWC and UT/ARL coherent sum theoretical curves than does the
UT/ARL method.

(U) B. The W1O0/HAND method does not provide data with a good fit to any
referenced theoretical transmission loss curve. While this fact alone does not
invalidate the data, it casts suspicion on their validity for measures of absolute
transmission loss, but not for relative transmission loss; i.e. differences in
transmission loss between hydrophones.

(U) C. The good fit between the UT/ARL data and the UT/ARL coherent sum
theoretical curve at ranges from 400 to 530 miles provides confidence in both the
data processing method and the validity of the theoretical curve in this interval.
Conversely the poor fit between the UT/ARL data and the FNWC theoretical curve
casts doubt of the validity of the FNWC curve in this range interval.

3.3.3 TABS and SONOBUOY Data

(C) These data which are shown in Appendices E, F, G and H, appear to be
internally consistent. When compared against themselves and against ACODAC data
the following observations are noted:

(C) A. Transmission loss is an insensitive function of source depth between
sources at 18.3 and 91.4 meters to a receiver at 91.4 meters.

(C) B. Transmission loss is a relatively sensitive function of receiver
depth for both receivcrs in the channel above the axis. When data for the air-

craft D-C run (source depth 91.4 meters) are compared for receivers at 91.4 and
4 •" 244 meters, it is found that the signal at the deeper depth is some 3 to 10 db
3 higher with the greatest differential found in the range interval 90 to 130 miles.

wt(C) C. Aircraft C-E run data for the 50 Hz 1/3 octave band compare favorably
with UT/ARL and WHOI/HAND data as a function of range up to 200 miles. The decrease
in transmission loss with range above 300 miles for the aircraft data is consistent
with the ACODAC data above 450 miles if one takes into account that Posit C
(measurement point for TABS and SONOBUOY data) is about 150 miles ENE of Posit D
(ACODAC measurement point). This decrease of transmission loss is evidence of
bathymetric focussing from sources near the NE end of the trough.

I i (C) D. By providing good coverage at close range (out to two convergence zones)
where ACODAC data tend to be sparse, TABS and SONOBUOY data complement ACODAC data.

The term "miles" used in this report is to be interpreted as "nautical miles".
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4. Results and Significance

4.1 General

(C) The transmission loss results in the Cayman Trough showed the effects
of peculiar geometry of that region. Strong evidence of bathymetric focussing,
i.e. the coupling of acoustic energy into the sound channel from bottom
reflections, is found in the longer range (i.e. greater than 450 mi.) portions
of runs. At these ranges where the source was near Posit A, one sees an
increase in signal (decrease in transmission loss) with increasing range.
Another boundary effect in both reflection and scattering was the obliterating
of the strong convergent zone structure seen in SOFAR propagation in the open
ocean. That the convergence zones were functioning properly except for
boundary contamination is shown in the sharply range dipendent depth effect
seen in the relative transmission loss.

4.2 Range Dependence

(C) An understanding of the complete mechanism of range dependence in an
area as acoustically complex as the Cayman Trough must necessarily involve
considerable effort at theoretical analysis which includes the effects of the
boundaries of the Trough, both vertical and horizontal. Since this theoretical
analysis was not done, our understanding of the mechanisms mr~st be incomplete
and include a degree of speculation. The area of the acoustic path to Posit D
may be divided into three separate domains each with its dominating topographic
influence. These are the close-in region extending out to 160 miles (D to C),
the intermediate ridge region extending from 160 to 365 miles (C to B) and the

far region beyond 365 miles (B to E). The effects of these regions may be
understood by reference to Figures 17, 18 and 19. In the close-in region there
is depth excess, but the Cayman Bank along the north side of the trough at a
depth of 4000 meters extends 450 meters upward into the deep sound channel. The
measured propagation loss tends to follow the upper envelope of the coherent sum
range curve (Figure 17) to a range of about 160 miles; beyond this there is a
marked increase in transmission loss. These effects suggest that energy
reflected from the Cayman Bank "washes out" the transmission loss maxima between

convergence zones. Beyond 160 miles the beginning of the acoustic path has
negative depth excess, which can attenuate the transmitted energy. Unfortunately
there are few data in the intermediate ridge region; SUS run NS 1 terminated at
Posit B and SUS run NS 2 started only 60 miles from Posit C. The intermediate
ridge structure protrudes to as far as 2200 meters into the deep sound channel.
It exerts marked influence on signals emanating from the far region beyond
Posit B. Near Posit B the topography produces two opposite effects: one is the
severe attenuation of the signal by the baffling of the intermediate ridge and
the second is an intensification due to a boundary reflection into the sound
channel, i.e. bathymetric focussing. It is likely that the two readings which
are some 8 to 10 db above the upper envelope (i.e. less transmission loss) of
the curve of Figure 15 are produced by this latter mechanism. As the range
increases beyond 400 miles the baffling effect of the intermediate ridge exerts
less influence and the transmission loss actually decreases with increasing range.
As the range extends well beyond Posit B into the far region, four possible
mechanisms account for the decrease in transmission loss:

1. Diffraction through the intermediate ridge region,

2. Wave guide propagation through a narrow trench to the north
of the intermediate ridge,
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3. Bathymetric focussing from topographical features in the

vicinity of the source, and

4. Spatial band pass filtering through the intermediate ridge.

Reference 9 suggests (1), (2) and (3) as possible causes of the anomalous
transmission loss effects. beyond 400 miles. Identifying the dominant
mechanisms from among the possibilities on the basis of existing data does

not appear feasible.

(C) 4.3 Depth Dependence

A combined effect of depth and range was found in the transmission
loss curves. At certain ranges the energy of signals received at different
depths difiered markedly; at other ranges there was little differences as a
function of depth. This effect is best illustrated by plotting the differences
in signal energy between hydrophones. This has been done in Appendices I, J,
K and L where transmission loss difference between hydrophone pairs is
plotted versus range. A fine structure of sharply defined differences of the
order of 5 to 10 db and of mile wide range increments appears in a regular
pattern which is keyed to the convergence zone structure. These bands of
sharp depth effect generally occur near and on the far side of convergence
zones. During these periods of large depth effect the deep hydrophones
usually show a larger signal than the shallow hydrophones. Relative profiles
based on the pair differences of Appendices I, J, K and L, are shown in
Figures 20 through 29 . In general, when the large depth effect occurs, the
hydrophones near the bottom of the sound channel will receive a stronger
signal than hydrophones near the axis. This effect is most probably a mani-
festation of conjugate focussing of energy from a shallow source within the
deep sound channel; in this case the source was at 91.4 meters.

(C) 4.4 Signal to Noise Implications

The results of the transmission loss study must be combined with
the results of the ambient noise investigation, Reference 4, in order to
derive implication on the placement of ASW surveillance systems. If there
were complete freedom in geographical placement (in the northwest Caribbean)
and in depth of sensors, the following conclusions may be drawn:

A. The vicinity of Point D would be a good choice for the location
of a surveillance system with primary beam looking ENE along the strike of
the Cayman Trough.

B. If only one monitoring depth were to be allowed, surveillance

hydrophones should be placed near the critical depth for best performance
over a long period of time.

C. The lateral range curve would show discontinuities dup to conjugate
focussing effect discussed above and it would vary with time due to ambient

. j 'noise fluctuations discussed in Reference 4.
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Figure 20
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Figure 21
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